• Prescribing errors are common and are caused by multiple factors. Standard medication charts have been recommended by British and Australian Health services. A study of a standard medication chart in five hospitals in one state of Australia significantly reduced prescribing errors.
WHAT THIS STUDY ADDS
• A standard medication chart developed in one area can be adopted through a collaborative process and successfully implemented across a diverse country resulting in similar reductions in prescribing errors. Three of the four stages of the prescribing process (information gathering, decision making and communication of instructions) can be improved by the use of an improved standard medication chart. The introduction of a standard medication chart has enabled development of standard prescribing education programmes.
AIMS
To establish whether a standard national inpatient medication chart (NIMC) could be implemented across a range of sites in Australia and reduce frequency of prescribing errors and improve the completion of adverse drug reaction (ADR) and warfarin documentation.
METHODS
A medication chart, which had previously been implemented in one state, was piloted in 22 public hospitals across Australia. Prospective before and after observational audits of prescribing errors were undertaken by trained nurse and pharmacist teams. The introduction of the chart was accompanied by local education of prescribers and presentation of baseline audit findings.
Introduction
Medication errors are among the most common incidents reported in public hospitals [1, 2] . Prescribing errors are potentially the most serious of all medication errors [3] . A study commissioned by the General Medical Council UK (GMC) found that 5.9% of consultants and 10.3% of trainee doctors in UK hospitals made prescribing errors in 1 week [4] . Approximately 50% of medication errors and adverse drug events (ADEs) are deemed preventable suggesting improvement in current systems possible [5] [6] [7] [8] .
The causes of prescribing errors and ADEs are multifactorial. Some are knowledge based errors such as not considering previous adverse drug reactions (ADRs), or not knowing a dose of a drug, others are due to slips and lapses due to unfamiliarity with non standard systems [5, 6, 9] . Multiple interventions are therefore required to reduce errors, at the level of the individual, team, system, environment and culture [6, 10] . Further research into why prescribing errors occur identified that a culture exists where drug selection is seen as the critical component of prescribing, and that the processes of selecting forms, routes and doses of drugs and physically documenting or communicating those decisions by completing a medication chart is seen as a low risk chore, frequently delegated to inexperienced junior doctors [6, 9, 11] .
Prescribing can be considered as a four stage process, with each stage impacting on the next: (i) gathering patient and drug information including medication history, previous ADRs and an accurate diagnosis, (ii) making a clinical decision to select the correct drug, form, route, dose and duration of treatment depending on the patient's characteristics and other concomitant diseases and drug therapy, (iii) communicating those decisions by generating instructions for the supply and administration of these drugs and (iv) reviewing the outcome and revising the prescribing decisions [12] (Figure 1 ).
Electronic prescribing with clinical decision support (EP-CDS) offers a partial solution to reducing prescribing errors [13] , but such systems are currently not widely available and have also been associated with introducing errors not seen in paper systems [13, 14] . The medication chart remains a critical form of communication of prescribing decisions and instructions between doctors, pharmacists and nurses, and acts as a record of medication administration and supply instructions. Prior to the introduction of the National Inpatient Medication Chart (NIMC), multiple different medication charts existed within and across Australian hospitals. Changes to the layout of medication charts have been shown to reduce the frequency of prescribing errors [15] . When a standard chart was introduced to five sites in south east Queensland, one of eight jurisdictions in Australia with 20.1% of the Australian population, a significant reduction in the frequency of prescribing errors was observed, 20.0% to 15.8% of orders per patient (P = 0.03) [16] .
There have been calls for a standard chart in the UK and Australia [4, 17] . The GMC report considered that a lack of standardization in prescribing charts contributed to some of the prescribing errors [18] . The process of standardization could reduce the opportunity for errors due to a lack of familiarity and therefore having to learn multiple
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Results of the pilot of a National Inpatient Medication Chart systems as clinicians move between clinical units and hospitals [19, 20] . Standard systems also provide an opportunity to uniformly train both students and clinicians in their use. In 2004, all Australian jurisdictional health ministers endorsed the introduction of a standardized NIMC as a national patient safety initiative. In this paper, we describe the pilot of the Australian NIMC and evaluate its effect on the frequency of prescribing errors. The aim of this study was to take a chart previously trialled at five sites in one state and determine if the benefits in reducing prescribing errors, including documentation of previous ADR and warfarin prescribing details could be replicated if it was applied nationally [16] . The national chart could then enable the development of practical prescribing training and the lessons learned from the pilot study might be applicable to other countries [8] .
Methods
The NIMC Working Group (NIMCWG) was convened with doctors, nurses and pharmacists drawn from all jurisdictions. The first objective of the group was to review the evidence supporting any existing charts and it was agreed to use a modification of the state wide chart used in Queensland [16] . The Queensland chart was developed from observational studies, work practice mapping, human factor engineering and a rigorous approach to incident analysis [6] . The process of developing the Queensland chart and its impact on prescribing errors has been described previously [16] . The chart was further enhanced by a Delphi process of piloting, evaluating error rates and seeking feedback from clinicians from medication safety bodies in each jurisdiction as part of the process. In 2005, following consultation with state-wide medication safety and therapeutics committees and within NIMCWG, a pilot version of the NIMC was agreed upon based on the Queensland chart.The current 2009 version of the NIMC is shown in Appendix 1.
Prescribing error study design
The study involved a prospective, before and after chart audit of stat, variable dose, regular and as required (prn) prescribing errors on the general inpatient medication charts. Continuous infusions, insulin, chemotherapy, acute and chronic parenteral analgesia, intensive care, discharge and electronically generated charts were not included in the scope of this study. The definition of prescribing error was adapted from that of Dean et al. ' A prescribing decision or prescription writing process that results in an unintentional, significant reduction in the probability of treatment being timely and effective or increases the risk of harm, when compared with generally accepted practice' [21] . Agreed definitions and examples of types of prescribing errors aligned with the stages of prescribing are shown in Table 1 . Lack of documentation of previous ADRs or indication and target International Normalized Ratio (INR) range for warfarin therapy were examples of information gathering errors, unintentional duplication or re-exposing patients to drugs which had caused previous ADRs, although clinically inappropriate, were included as clinical decision errors. The clinical appropriateness of drug, route, dose or form selection was not otherwise examined.
Ethics approval was obtained at sites in accordance with local requirements. A series of workshops in major capital cities across Australia introduced attending doctors, pharmacists and nurses from pilot sites to the background and rationale of the chart. Teams of pharmacists and nurses were trained to systematically undertake the observational audit using a standard tool and to use training packages to assist in local implementation of the chart. Teams undertook direct observational audits, of all available charts on medical, surgical, paediatric and mental health wards to identify and document prescribing errors, using established definitions [21] . All available medication orders including those cancelled or previously changed were reviewed. Inter-rater reliability was not determined, as both trained observers had to agree on errors.
Where disagreement occurred a third auditor was involved. The same pairs of auditors undertook pre and post audits where possible.
All outcome measures were collected in November 2004 as a baseline prior to the introduction of the NIMC. The pilot was planned to coincide with the commencement of the new intake of junior medical staff in January 2005. Post implementation data were collected in June 2005, 6 months after introduction of the chart. Data were collected on the numbers of patients; orders, prescribing errors (see Table 1 ), ADRs documented and warfarin prescribing details. Data on the number of patients and orders were collected from the same wards before and after implementation. Data were entered locally into Excel ® spreadsheets and collated centrally.
Statistical methods
The primary outcome measures of the study were the frequency of prescribing errors per patient, the rate of errors per order per patient, the documentation of ADRs and warfarin details, pre and post the introduction of the NIMC. Errors are expressed as actual numbers and percentages. Absolute and relative risk changes were calculated. Categorical data were compared using the c 2 test, and odds ratios with 95% confidence intervals presented. Continuous data not normally distributed were compared using the Wilcoxon rank-sum test.Tests of continuous data were calculated as two-tailed, and P < 0.05 predetermined to represent statistical significance. All statistical analyses were carried out with Stata V10.0. (StataCorp, College Station, TX USA).
Results
Thirty sites were recruited in the pre-implementation study and 31 sites provided post implementation data. However, only 22 hospitals provided data for individual patients from the same wards before and after implementation and were included in further analysis. Similar numbers of patients, numbers of orders and numbers of orders per patient were observed pre and post the intervention. There were no statistically significant differences in the numbers of regular or p.r.n. medications ordered per patient before and after the intervention.There were more stat orders and therefore total orders per patient after the intervention as a factor of the standard chart allowing more stat orders. Table 2 presents the different types of orders from the 22 matched sites.
All prescribing errors decreased after introduction of the NIMC; from 6383 errors in 15 557 medication orders in 1328 patients to 4293 in 15 416 orders in 1234 patients ( Table 2 ). Prescribing errors decreased by almost one-third, Results of the pilot of a National Inpatient Medication Chart from a median (range) of 3 (0-48) per patient to 2 (0-45) per patient (P < 0.001). Data were collected for all orders (including those cancelled) per patient. The percentage of errors per order per patient (errors per patient divided by the total number of orders per patient ¥ 100) could exceed 100% as there could be more than one error per order.The proportion of patients with no error increased significantly from 14.9% to 26.0% (P < 0.001). The percentage of errors per order per patient also decreased significantly from a median (range) of 33.3% (0-550%) before to 16.7% (0-300%) after, representing an absolute error reduction of 16.6% (P < 0.001).
As shown in Table 3 , errors in communication of clinical decisions decreased significantly for drug name, dose, route and frequency. On the pilot NIMC prescribers were prompted to enter both a prescribing frequency and the dosing administration times according to agreed administration times printed on the chart. Twelve of the 22 sites recorded whether the administration times appeared to be entered by the prescriber and whether or not the dosing times correlated with the dosing frequency. Before the intervention, 1019 (18.2%) of 5611 regular orders appeared to have been entered by the prescriber compared with 3647 (67.9%) of 5370 after the implementation of the pilot NIMC (P < 0.0001). Consequently, the number of times the administration times did not correlate with dosing frequency dropped from 211 (3.8% of 5611 orders) to 104 (1.9%) (P < 0.0001). The total number of communication errors decreased from 6147 to 4118.
Documentation of adverse drug reactions
The patients' medication charts were used as the primary reference source of ADR history information. Patients were asked to confirm information if available. The majority of previous medication charts only displayed ADR details on the front page of either two or four page charts. The NIMC was redesigned so that the ADR details only needed to be entered once (on the top of page 3) and a cut out section at the top of pages one and two meant that the single entry of ADR details was now visible when prescribing on any of three pages (see Appendix 1). The results of documentation of previous ADRs are shown in Table 4 . In the pre-audit, 403 (30.4%) of patients had at least one previous ADR documented compared with 363 (29.4%) of patients in the post audit (P > 0.005). Documentation of the drug causing a previous ADR improved significantly from the pre audit (578 drugs were documented) for 81.9% of patients, to 88.9% completed (498 drug documented) for patients in the post audit (c 2 test, P < 0.001). Similarly, the frequency of documentation of the details of the nature of ADR reaction almost doubled from 212 (30.0% of reaction types) to 297 (53.0%) (c 2 test, P < 0.001). The proportion of patients with at least one or more previous ADRs who were re-exposed to a similar class of drug was 57 of 403 (14.1%) of patients in the pre-audit and significantly less at 28 of 363 (7.7%) after the intervention (absolute risk reduction (ARR) 6.4%; c 2 test, P = 0.005).
Warfarin prescribing
There were similar numbers of patients prescribed warfarin in both audits [83 (6.3%) before, and 70 (5.7%) after].
The indication for warfarin was documented on the medication chart in 10 (12.1%) patients before and in 24 (34.3%) patients on the NIMC (c 2 test, P = 0.001). Documentation of the target INR range increased significantly from nine (10.8%) patients before to 49 (70.0%) after introduction of the NIMC (c 2 test, P < 0.001).
Comparison of error rates between sites stratified by size and compared with the Queensland pilot
On stratifying the pilot hospitals by size, there were significantly higher baseline error rates in sites greater than 300 beds than in medium and smaller sites (Table 5) . Post introduction of the pilot NIMC both medium and larger sites showed significantly greater reductions in the number and frequency of errors,with similar absolute reductions in error compared with smaller sites. When combined, the 22 sites post NIMC introduction showed an error rate per order per patient of 16.7%, which was similar to that shown in the Queensland pilot after introduction of the chart (15.8%). 
Discussion
This study details the successful introduction of a standard medication chart informed by error analysis and supported by education and pre and post audit data in 22 hospitals across Australia. Results demonstrate that a chart developed in one state and shown to reduce significantly prescribing errors could be adopted nationally and implemented with the support of a programme of education. The introduction of the NIMC pilot was associated with reductions in a range of types prescribing errors. Improvements were demonstrated in the documentation of information informing prescribing decisions such as previous ADRs with a consequential reduction in patients re-prescribed drugs to which they had had a previous ADR. Prescribers more frequently documented the dosing administration details for regular medications and as a result, the opportunity for inappropriate dosing administration was significantly reduced. Another improvement was the documentation of warfarin prescribing information, which has been shown to inform subsequent prescribing dosing decisions and reduce the occurrence of unsafe INR levels [16] .
We have shown that the creation and implementation of a pilot of a national medication chart is possible following appropriate consultation. A strong body of evidence, based on careful analysis of individual, team and system errors, is required to demonstrate the potential benefits and risks of such initiatives prior to their introduction [6] . Prescribing practices, both the clinical reasoning behind the selection of medications, routes, dose and frequencies and the safety of the communication of those prescribing decisions can be modified through system changes such as those employed in this study. The existence of a standardized system allows prescribing education of all staff using the one common system that they will find in every hospital.
Other explanations for the observed reduction in error rate
The following sections outline the alternate hypothesis for the significant reduction seen in error rates associated with the NIMC intervention.The number of patients, regular and as required orders per patient did not differ before and after the intervention reflecting the similarity of wards and patients selected. Where possible, the use of the same clinicians collecting data in pre and post audits ensured a consistent approach. The audit tool was unlikely to have lead to a biased approach as strict protocols and definitions were used.
There are limited explanations for the observed reduction in error rates other than an effect of the chart itself.The interaction of humans with poorly designed systems is a common cause of human error [22] . The content, lack of decision support and layout of medication charts have previously been shown to contribute to prescribing errors [6] . Revision of the chart layout combined with feeding back the frequency of prescribing errors to prescribers has been demonstrated to change prescribing behaviour resulting in reduced frequency and seriousness of prescribing errors [15, 16] .
The reduction of patients re-prescribed drugs to which they had had previous allergies was most likely due to the information being visible when generating the majority of orders, prompts for forms, doses, frequencies and indications for warfarin were all features introduced with the chart.
The individual prescribers may have had an impact on the prescribing errors observed. The junior medical staff would most likely have changed between the two audits. The different times of the year may have been expected to impact on the prescribing error rate observed as junior doctors may be expected to make a higher number of prescribing errors earlier in their first year. However in this study the pre audit period was November, 11 months into the intern year whilst the post audit was completed in June, 6 months into the intern year.This suggests that even with less experience of using the chart, a lower number of errors were made 6 months into their intern year, further supporting the possible impact of the chart design and layout.
A further explanation for a reduced error rate could have been the education, including a detailed explanation of the background and function of the chart, provided as part of new medical staff induction prior to introduction of the pilot chart. Educational material and other materials to support implementation has been available on the Commission's website for hospitals to use when educating new prescribers during induction/orientation.
The variation in scale of error reduction between small, medium and larger sites was surprising but could be due to multiple factors including smaller sites having more locum staff, less local graduates and fewer consultant and trainee staff, and often lower levels of clinical pharmacy service.
Limitations
The change in medical staff between pre and post audits which may have included varying numbers of locally trained staff could have impacted on the results.The study methodology did not include recording individual prescribers' experience which could have affected prescribing error rates in the two samples. Also, the fact that this was a relatively well marketed system change could have been expected to have raised prescribers' awareness of medication safety and changed their prescribing behaviour in addition to any benefit from the chart alone, i.e. a Hawthorn effect may well have been operating. Whilst training for local co-ordinators occurred centrally, using a standardized training package, the impact of multiple observers across 22 sites may well have limited inter-rater reliability.
Comparison with other studies
The baseline error rate identified in our study (33% orders per patient with an error) was higher than in the Queensland pilot of a similar chart (20.0%) although this lower rate in the Queensland pilot could be attributed to the use of a range of medication safety education programmes already in place in Queensland. The scale of reduction of error was greater in this study than in the Queensland pilot but the final error rate was similar, 16.7% of errors per order in this study and 15.8% in the Queensland study.
The baseline error rate identified in our study (33% per order per patient) was considerably higher than the 1.5 to 6.7% found in prospective UK studies [23] , even though similar definitions of prescribing errors were used. Variation in prescribing error rates is known to be observer dependent. In a previous study undertaken with a pharmacologist and pharmacist observer, we identified an error rate of only 2.5% per order [24] . Part of the difference in rates between previous studies and this study may be attributable to the use of trained pharmacist and nurse teams [23] . Nurses may be more aware than pharmacists of issues relating to potential administration errors that may result from prescribing errors, in particular those associated with communication of clinical decisions. The use of nurse and pharmacy observers may have resulted in a broader range of errors than seen with doctor and pharmacist studies. In order to increase inter-rater reliability both observers had to agree on errors, and where possible the same teams undertook the before and after audits.
Effective change management
Key success factors included a multidisciplinary approach to redesigning a high risk system in which each stage is affected by and impacts on others.The outcomes achieved in this study underscore the importance of leadership, communication and team cohesion for the successful implementation at individual sites [25] .
The study also demonstrates the importance of a combination of top down direction from national safety and quality bodies, agreement by all health ministers and clinical ownership, and bottom up 'buy-in' . The lessons learned from this study are not new [26, 27] .
Each member of the NIMCWG was responsible for taking the issues and work in progress back to their state's medication safety bodies and subsequently reporting back local comments and issues. This liaison encouraged 'buy-in' and ownership at a state level.
There was the risk of individual hospitals not participating in the developmental process and feeling that they were not adequately involved in the system redesign. Some authors using different prescribing error definitions focused on the completeness of specific sections of the chart and suggested that the NIMC did not show significant benefits compared with their previous chart in one site [28] . The analysis in this study from over 15 000 orders before and after intervention in 22 sites would confirm that the chart with supporting education was powered appropriately to show improvement in safety when compared with a wide range of previous charts [8, 28] .
National implications
This findings of this study are relevant to systems using paper-based orders (such as those widely used in the UK and Australia) and may help guide the development and introduction of any future electronic medication management systems [26] . The methods and outcomes discussed have implications for all medication systems. A standardized insulin monitoring, prescribing and administration is being developed following a similar methodology to the NIMC. Safe prescribing education is a core component of the Australian National Patient Safety Education Framework [29] and the Australian Curriculum Framework for Postgraduate Medical Staff [30] . The NIMC is now being used in standardized prescribing training for undergraduate medical students [31] and there is an online training programme that is used by all Australian medical schools [32] .
This pilot study demonstrated that the creation and implementation of a national medication chart was possible following appropriate consultation. Following this study the pilot NIMC was endorsed by health ministers as a national standard and recommended for implementation in all public hospitals in Australia. This occurred during 2006 and 2007. This then allowed undergraduate courses to introduce the medication chart to students in training programmes prior to taking up employment.
Sustainability of a national medication chart is a critical factor for on-going patient safety. The ongoing evaluation and improvement of the national chart should continue to be from national input, supported by evidence including detailed incident analysis and audits. To this end, the Australian Commission for Safety and Quality in Healthcare has implemented an Oversight Committee for the Australian NIMC. This group with state and territory representation ensures ongoing governance of the NIMC.The current version of the NIMC was released in 2009 (Appendix 1).
The benefits identified from the NIMC process for chart re-design are now being extended to prescribing and administration processes for venous thrombo-embolic prophylaxis, insulin, anticoagulation and continuous infusions of medicines.
In conclusion, prescribing is a complex and high risk intervention. A collaborative, evidence-based approach, using error analysis to develop a standard national medication chart, can reduce errors in various stages of prescribing and the potential for harm to patients. The chart will facilitate effective training of staff and increase the familiarity of staff with medication systems when working in different sites. A strong evidence base, demonstrating the benefits of initiatives, is essential before interventions such as the NIMC are accepted widely. It is clear that work practices can be modified and prescribing safety improved Results of the pilot of a National Inpatient Medication Chart through medication chart redesign. The NIMC has now been rolled out across all public and private hospitals in Australia.
